Objectives: Frailty is a common geriatric disorder associated with activities of daily living (ADL) impairment, hospitalization, and death. Phenomenological evidence suggests that late-life depression (Katz, 2004) , particularly vascular depression, may be a risk factor for frailty. This study tests that hypothesis. Methods: We identified a sample of stroke-free women over the age of 80 from the Health and Retirement Survey. The sample included 984 respondents in 2000 (incidence sample). Of these, 459 were non-frail at baseline and still alive in 2004 (prevalence sample). Frail respondents experienced at least three of the following: wasting, exhaustion, weakness, slowness, and falls. Vascular depression was represented using two dummy variables. The first represented respondents with either high cerebrovascular burden (CVB; at least two cerebrovascular risk factors) or probable depression (score 3 on the 8-item Center for Epidemiological Studies Depression Scale (CES-D)), and the second represented respondents with both high CVB and probable depression. Results: At baseline, the prevalence of frailty was 31.5%. Over four years the incidence of frailty was 31.8%. After controlling for age, education, ADL and IADL disability, arthritis, pulmonary disorders, cancer, and selfrated health, respondents with either high CVB or probable depression were more likely to be frail at baseline, and those with both were at even higher risk. Of those who were not frail at the 2000 wave, respondents who reported both high CVB and probable depression were more likely to become frail by 2004. Discussion: These findings suggest that vascular depression is a prodrome for frailty.
Introduction
Research on frailty among older adults has increased over the past decade, both to define phenotypes and identify markers for future frailty (Fried et al., 2001; Varadhan et al., 2009) . Frailty is clearly related to advanced age, heart dysfunction (Varadhan et al., 2009) , subclinical vascular biomarkers (Newman et al., 2011) , and being female (Fried et al., 2001) . The clinical pathways that lead to frailty are poorly understood; our study attempts to increase knowledge of the underlying mechanisms of this common late-life syndrome by examining a specific pattern of medical comorbidity -vascular depression -and incorporating it into a model of other medical conditions and functional abilities to predict new-onset frailty cases in women over the age of 80.
The co-occurrence of vascular diseases and depression may signal that if elders are treated by standard means, they will decline into frailty (Rosso et al., 2011) , a syndrome that imposes a significant burden on the health-care system (Fassbender, Fainsinger, Carson, & Finegan, 2009 ). While frailty, comorbidity, and disability are distinct concepts (Fried, Ferrucci, Darer, Williamson, & Anderson, 2004) , this study aims to increase our understanding of how vascular depressionwhich is a combination of particular medical comorbidities -and reported disability, based on Fried et al.'s (2001) conceptualization as requiring assistance with one or more activities of daily living (ADL) task, affect the incidence of frailty in older-old women. Older women have longer life expectancies than men, but face higher rates of frailty (Fried et al., 2001 ) and depression and more years of disability. Women over the age of 80 are a rapidly growing demographic group (National Center for Health Statistics, 2010) and are increasingly the subject of behavioral and medical interventions to enhance longevity, preserve independence, and reduce morbidity. Research elucidating pathways to frailty among older women may inform interventions designed to preserve independence and quality of life and reduce health care costs for this vulnerable demographic group.
Frailty
Frailty is conceptualized as the combined effects of life stress that result in multisystemic dysregulation of homeostatic systems (Clegg, 2011; Fried et al., 2004) . Although there are multiple models of frailty, Fried et al.'s (2001) study continues to be among the foremost (Clegg, 2011) . In this model, frail individuals are described as having at least three of the following conditions: unintentional weight loss, exhaustion, weakness, slow walking speed, and low physical activity. Fried et al. (2001) reported that frailty is more common among women, Black elders, and those with lower education and income, relatively poor health, and greater medical comorbidity and disability. Frailty becomes more common with increasing age; base rates range from 3% to 7% of individuals between ages 65 and 75 (Fried, 2003) and more than 30% for individuals in their 90 s (Walston et al., 2002) . Frailty is also associated with comparably poor subjective health evaluations, vascular disease (Barzilay et al., 2007; Fried et al., 2001) , arthritis (Fried et al., 2001) , greater heart rate variability (Varadhan et al., 2009) , and insulin resistance (Barzilay et al., 2007) . Frail individuals experience decreased mobility and higher rates of impairment in performing ADLs, hospitalization, and death (Fried et al., 2001; Lupon et al., 2008) , making this syndrome a significant public health concern. Self-rated health, arthritis, and ADL disability, in particular, are associated with both depression and frailty. Including such important control variables may protect against overrepresenting the relationship between vascular depression and frailty in epidemiological research.
Depression
Vascular depression is defined as the increased prevalence of depression symptoms in late life resulting from high cerebrovascular burden (CVB; Alexopoulos et al., 1997a) . The vascular depression hypothesis has generated two complementary lines of research, both of which inform this discussion of vascular depression and frailty. One uses neuroradiological data to describe the relationship between prefrontal subcortical white matter hyperintensities, which are typically attributed to CVB, and late-life depression symptoms (Sneed, Rindskopf, Steffens, Krishnan, & Roose, 2008) . Other studies, however, have reported no significant relationship between cerebral vascular change and depression (Rainer et al., 2006) . The second line of research approaches the relationship from a clinical perspective, relating the presence of multiple cerebrovascular risk factors (diabetes, hypertension, etc.) to the development of depression symptoms in late life (Mast et al., 2008) . Recent work by our laboratory (Paulson, Bowen, & Lichtenberg, 2012) , based on the same sample used in this study, found that respondents with high CVB have significantly more depression symptoms at baseline. We also identified a trend (p ¼ 0.07) for individuals with high CVB developing more symptoms over six years. Overall, this finding supports a causal relationship between CVB and depressive symptoms in this sample. This conceptualization of vascular depression is not universally supported (Lyness et al., 1999) . Nonetheless, both areas of vascular depression research generally support Alexopoulos et al.'s (1997a) hypothesis that affective functioning involves an elaborate network of fronto-striatal projections (Drevets, Price, & Furey, 2008) and appears to be highly sensitive to microvascular insult (Sneed et al., 2008) . Katz (2004) discussed the numerous theoretical and phenomenological connections between depression and varying models of frailty. He noted that white matter disease characterizes both late-onset depression and psychomotor deficits, which can be symptomatic of frailty. Katz did not, however, speculate as to whether vascular depression, as opposed to late-life depression, is related to frailty. Andrew and Rockwood (2007) reported that psychiatric disease is four times more common among frail elders than among the most robust elders. Interpretation of these results is limited, however, by the use of cross-sectional data and the identification of psychiatric illness based on retrospective self-report. Additionally, this study included CVB markers (hypertension, cardiac disease, and diabetes) as indicators of frailty, precluding the analysis of these variables as risk factors for frailty. Other work has related depression to various correlates and indicators of frailty, including fall risk (Thomas et al., 2009 ), malnutrition (Thomas et al., 2009 ) -which can lead to wasting, steep decline in strength (Rantanen et al., 2000) -and deficits in ADL functioning and mobility (Penninx, Leveille, Ferrucci, van Eijk, & Guralnik, 1999) .
Vascular depression and disability as an early indicator of frailty
In this study, vascular depression was conceptualized as a prodrome for frailty. As described above, vascular depression has a neurological basis. Katz (2004) theorizes that cerebrovascular disease that causes prefrontal white-matter hyperintensities and vascular depression may also lead to posterior white matter hyperintensities, resulting in characteristics of frailty such as falls, slowness, and weakness. Recent findings of higher rates of cardiovascular disease and cerebral infarcts among frail elders support this hypothesis (Newman et al., 2011) . Accordingly, vascular depression may be a highly sensitive, clinically relevant indicator of global cerebral disease process and, in turn, a harbinger of subsequent frailty and mortality. However, this hypothesis has not been explicitly tested; neither Katz nor Newman et al. (2011) examined whether vascular depression was a better predictor of frailty onset than either vascular disease without depression or depression without vascular disease.
The objectives of this study were to (1) describe the prevalence of frailty in a sample of stroke-free women over the age of 80 and the incidence of new cases of frailty over four years, and (2) to test the hypothesis that vascular depression and disability predict both prevalent and incident (new onset) frailty among olderold women. To examine the specificity of vascular depression, we included other medical conditions (arthritis, pulmonary disease, and cancer) that are often related to disability as control variables.
Methods

Sample
The Health and Retirement Survey (HRS) is an ongoing prospective multistage probability cohort study of US households conducted by the University of Michigan with the support of the National Institute on Aging (Heeringa & Conner, 1995) . The first wave of the HRS occurred in 1992, with a 51-61-year-old cohort, and in 1998 was merged with the 70-and-older cohort of the Asset and Health Dynamics of the Oldest Old Study. Also in 1998, two additional cohorts were added to fill the gap between the two groups.
Our study included HRS data drawn from the 1998 wave, when many participants were added to the study. This sample included female respondents without history of stroke in 1998. Respondents were excluded if they were unable to independently complete survey materials (e.g., the Center for Epidemiological Studies Depression Scale (CES-D), a measure of depressive symptoms) at the 2000 wave. This data set was otherwise demographically representative of the female US population over age 80 and included 1139 respondents. Complete frailty data was available at 2000 and 2004, so we included data drawn from these waves (waves 5 and 7) exclusively. Based on past work with this sample, it is known that attrition rates are around 20% per wave (two-year period) and primarily reflect mortality. Of the 984 respondents in at the 2000 wave (prevalence sample), 2004-wave frailty data were available for 621 respondents. Of the 356 respondents (36.2%) who attrited over this four-year period, 314 died, 39 did not respond to data collection efforts, and three respondents elected to be removed from the study. Key variables from this study were entered into a logistic regression predicting attrition. Attrition was significantly predicted by older age (
More information about mortality-related attrition in this sample has been published elsewhere (Paulson, Bowen, & Lichtenberg, 2011) .
Measures
Frailty
We measured frailty based on a frailty phenotype identified using HRS data . This phenotype was largely based on Fried's (2001) conceptualization of frailty. Due to differences between the HRS data and Fried's model of frailty, we adapted the frailty index to include the following: wasting, weakness, slowness, fatigue or exhaustion, and falls. The wasting criterion was met if a respondent reported loss of at least 10% of body weight over a two-year period. The weakness criterion was met if they endorsed the question, 'Because of health problems, do you have any difficulty with lifting or carrying weights over 10 pounds, like a heavy bag of groceries?' The slowness criterion was met if respondents answered in the affirmative to the question, 'Because of a health problem, do you have any difficulty with getting up from a chair after sitting for long periods?' The fatigue or exhaustion criterion was met if the respondent answered in the affirmative to the question, 'Since we last talked with you in [the last wave], have you had any of the following persistent or troublesome problems: . . . severe fatigue or exhaustion?' The falls criterion was met if the respondent answered in the affirmative to the question, 'Have you fallen down in the past two years?' While Fried's criteria include low energy expenditure, this variable was not available in the HRS data. Instead, the frailty phenotype was modified to include falls, which have been found to be an indirect measure of energy expenditure (Montero-Odasso et al., 2011) . This phenotype was found to identify frailty at rates similar to those based on Fried's frailty phenotype. Like Fried's phenotype, frailty was more common among women, African American elders, those with poor self-rated health, ADL disability, and multiple medical comorbidities. Frailty was also inversely associated with education and income . None of these frailty items were drawn from the CES-D. Individuals who met at least three of the criteria were identified as frail.
Self-reported medical conditions (comorbidities) and CVB Medical data (hypertension, diabetes, history of heart disease, arthritis, pulmonary disorders, and cancer), and lifetime history of smoking were collected by selfreport. CVB was conceptualized in this study as the cumulative burden associated with cerebrovascular risk factors. Past work (Mast, Neufeld, MacNeill, & Lichtenberg, 2004; Mast, Yochim, MacNeil, & Lichtenberg, 2004; Yochim, Mast, & Lichtenberg, 2003) has supported the concept of a threshold effect whereby older adults with two or more risk factors, such as clinically-defined hypertension or cardiac disease, are at higher risk for probable depression. This approach is easily adaptable to large, publicallyavailable databases such as the HRS. Consistent with these studies, respondents with high CVB were those with two or more cerebrovascular risk factors (hypertension, diabetes, cardiac disease, and history of smoking). Hypercholesterolemia was not included because it was not reported in the data at every wave.
Disability
ADL disability was measured based on how many of the following activities the respondent reported requiring assistance with: bathing, eating, dressing, walking across a room, and getting in or out of bed. Scores ranged from 0 to 5. Disability related to instrumental ADL (IADLs) was measured by identifying which of the following the respondent required assistance with: using a telephone, taking medication, and handling money. Scores ranged from 0 to 3.
Self-rated health
Change in self-rated health was assessed with the question, 'Compared to your health when we talked with you in [last wave], would you say that your health is better now, about the same, or worse?' Response options were 'much better', 'somewhat better', 'same', 'somewhat worse', and 'much worse', comprising a five-point scale.
Depressive symptoms
A shortened, eight-item form of the original CES-D was used to evaluate depression (Radloff, 1977) . Six of the eight items are negatively worded and two are positively worded. Participants are asked to respond 'yes' or 'no' to each item ('was depressed', 'everything was an effort', 'sleep was restless', 'was happy', 'felt lonely', 'enjoyed life', 'felt sad', 'could not get going'), based on whether or not they had experienced it during the preceding week. Scores ranged from 0 to 8, with higher scores indicating greater depressive symptoms. Using HRS data, the reliability of the eight-item CES-D measure was adequate, with high Cronbach's alpha (0.81-0.83; Steffick, 2000) . The eight-item CES-D is a valid measure of mood (Steffick, 2000) and is broadly used in epidemiological studies of late-life depression (Beekman et al., 1997) . Citing the recommended interpretation of this measure (Steffick, 2000) , CES-D scores �3 were interpreted to indicate probable depression.
Vascular depression
Vascular depression is a combination of high vascular burden and probable depression. While past work, as described above, has identified a causal effect of high vascular burden on the subsequent development of depressive symptoms, structure of the available data and theoretical considerations (Alexopoulos et al., 1997b) informed our identification of vascular depression based on the co-occurrence of high CVB and probable depression. Following this rationale, three groups were identified. Participants were identified as having neither high CVB nor probable depression (group 1), either high CVB or probable depression (group 2), or as having vascular depression indicated by both probable depression and high CVB (group 3).
Statistical methodology
Two chi-square tests of independence were completed to examine and describe the simple bivariate relationship between baseline vascular depression and (A) the prevalence of frailty at 2000 and (B) the incidence of new frailty in 2004. Our principle analyses use stepwise logistic regression to identify correlates of frailty prevalence at baseline and predictors of frailty incidence (i.e. new cases of frailty) over four years. Vascular depression was characterized by the combination of high CVB and probable depression. To test how well vascular depression predicts frailty, this three-group variable was dummy coded using two dummy variables. The first represents respondents with either high CVB or probable depression. The second represents respondents with both high CVB and probable depression. As show in Tables 3 and 4 , both groups are contrasted against those respondents with neither high CVB nor probable depression. Complete frailty data were reported in the 2000 and 2004 waves. Data in the 2000 wave were used to identify significant covariates of frailty prevalence at baseline among all available respondents and assess how variables of interest predicted the prevalence of frailty at baseline among all available respondents. How these variables predicted the incidence of new frailty in 2004 was assessed by excluding respondents who were frail at the 2000 wave.
Results
Of 1139 respondents living at the 2000 data collection, 992 respondents completed baseline survey materials at the 2000 baseline, and complete data were available for 984 of these respondents. These 984 respondents were included in the logistic regression identifying significant correlates of frailty prevalence described below. Of these, 310 were frail in 2000 (prevalence ¼ 31.5%) and were excluded from the second logistic regression model that predicted the incidence of frailty. Of the remaining 674 respondents, 491 were still living in 2004 and complete data were available for 459 respondents. The second logistic regression included these 459 respondents. As shown in Table 1 , the sample had a mean age at baseline (Year 2000) of 84.53 years (SD ¼ 3.03) and 11.24 mean years of education (SD ¼ 3.13). The sample was predominantly White, and most respondents remained independent at baseline, as suggested by the relatively low levels of ADL and IALD impairment. Of the 984 respondents included in the 2000 prevalence analysis, 32.8% had CES-D scores of at least 3 -suggesting probable depression -and the mean CES-D score was 2.07 (SD ¼ 1.98). Of the 459 respondents included in the 2004 incidence analysis, 22% had CES-D scores at the 2000 data collection that suggested probable depression; the mean 2000 CES-D score was 1.55 (SD ¼ 1.70).
Over the four-year course of the study, the incidence of frailty was 31.8% (n ¼ 146). Table 2 displays prevalence rates in 2000 (all available respondents who met inclusion criteria) and frailty incidence rates in 2004 (excluding any respondents who were frail in 2000) among respondents at each level of the vascular depression variable. As can be seen in Table 2 , frailty was most common among those with vascular depression. Indeed, when compared to those with either depression alone or vascular burden alone, those with vascular depression were significantly more likely to be frail, both at baseline (� 2 ¼ 13.59, p < 0.001) and four years later (� 2 ¼ 5.77, p ¼ 0.02). Interestingly, those with either depression or vascular burden were more likely than those without either to be frail both at baseline (� 2 ¼ 22.49, p < 0.001) and four years later (� 2 ¼ 5.55, p ¼ 0.02).
Results of the first step-wise logistic regression describing frailty prevalence in 2000 are displayed in Results of the second step-wise logistic regression describing frailty incidence in 2004 are displayed in Table 4 . Variables were entered in the same manner as the first logistic regression. In the first step of the logistic regression, only ADLs (� ¼ 0.50, Wald ¼ 7.85, p � 0.01) and self-reported health change (� ¼ 0.69, Wald ¼ 15.89, p � 0.001) significantly predicted incidence of frailty in 2004. In the second step, the addition of the vascular depression variable significantly improved the overall model (� 2 ¼ 9.28, p ¼ 0.01). In this final model, frailty incidence was predicted by ADLs (� ¼ 0.49, Wald ¼ 7.22, p � 0.01) and self-rated health change (� ¼ 0.65, Wald ¼ 13.41, p � 0.001). The first vascular depression dummy variable, representing participants with either high CVB or probable depression, showed a trend toward significance (� ¼ 0.43, Wald ¼ 3.48, p ¼ 0.06). The second vascular depression dummy variable, representing respondents with both high CVB and probable depression, significantly A follow-up analysis was run in which the first dummy variable, formerly representing respondents with either high CVB or probable depression, was separated into two dummy variables, one reflecting probable depression only, and the other reflecting high CVB only. With regards to significant correlates of prevalent frailty, there was a trend for high CVB only (� ¼ 0.34, Wald ¼ 2.87, p ¼ 0.09). Probable depression alone was a significant correlate of prevalent frailty (� ¼ 0.62, Wald ¼ 7.35, p ¼ 0.007). Nevertheless, the dummy variable representing respondents with both high CVB and probable depression remained a robust correlate of frailty (� ¼ 0.81, Wald ¼ 12.53, p < 0.001). A second follow-up logistic regression identified significant predictors of incident frailty using this same analytic strategy. It was found that neither high CVB alone (� ¼ 0.33, Wald ¼ 1.58, p ¼ 0.21) nor probable depression alone significantly predicted incident frailty, although there was a trend for probable depression alone (� ¼ 0.60, Wald ¼ 3.50, p ¼ 0.06). As in the primary analysis, incident frailty was again predicted by the dummy variable representing individuals with both high CVB and probable depression (� ¼ 1.04, Wald ¼ 8.06, p ¼ 0.005).
Discussion
Our first finding is that the prevalence of frailty in this demographically representative sample of stroke-free women over the age of 80 was 31.5%. Of the Table 3 . Results of logistic regression predicting frailty in 2000 (n ¼ 984).
Step 1 Step 2 respondents who were not frail at baseline, the incidence of frailty after four years was 31.8%. The second finding was that vascular depression -characterized as the co-occurrence of high CVB and clinically significant depression symptoms -was a significant correlate of prevalent frailty and a significant predictor of incident frailty in a sample of women over 80. Importantly, those with vascular depression had significantly higher rates of frailty than either those with depression alone or vascular burden alone. The prevalence and incidence estimates are generally consistent with other estimates of frailty frequency in this demographic. For instance, Fried (2001) reported frailty rates of 16.3% for respondents aged between 80 and 84 years, and 25.7% for those between 85 and 89 years. Walston et al. (2002) reported that 32% of participants age 90 and older were frail. Katz (2004) predicted that depression precedes frailty in late life. Our findings support this hypothesis and build on Katz's work by demonstrating that a specific subtype of depression (i.e., vascular depression) is a better predictor of new-onset frailty.
In addition to vascular depression, ADL disability, based on Fried's conceptualization, was a significant predictor of frailty onset. Fried et al. (2004) distinguished the concepts of comorbidity, disability, and frailty, while noting that in aging populations, these syndromes often overlap. The present findings support this conceptualization and extend the model by suggesting that certain combinations of comorbidity and disability have a temporal ordering with frailty. For instance, frailty was extremely uncommon among those without ADL disability and vascular depression.
One possible interpretation of these results is that frailty may be better predicted by chronicity of depression. Post-hoc analyses were conducted to examine the relationship of chronic depression symptoms with frailty across a four-year period. It was found that of the 44 respondents who were non-frail at 2000 and had probable depression at both the 2000 and 2004 waves, 41% developed frailty. This chronic depression group had a similar incidence of frailty to the group with probable depression, but not high vascular burden (also 41%), and less frailty than the vascular depression group (55%). Thus, the data do not support this alternative interpretation.
The primary limitation of the study is the use of self-reported health data and lack of clinical evaluations for depression. However, this practice is common in population-based samples, and adequate agreement between self-reports of disease and medical chart reviews has been reported (Bush, Miller, Golden, & Hale, 1989; Psaty et al., 1995) . Use of clinically-defined cerebrovascular risk factors precludes the analysis of how severity of a disorder such as diabetes may predict depression symptoms. Future research using continuous measures of blood pressure or blood sugars may further elucidate these relationships. A second limitation of this analysis is that the high rate of mortality in this sample resulted in listwise deletion of the most medically vulnerable elders. Consequently, it is probable that these findings underestimate the strength of the relationship between disability, vascular depression, and frailty. Our approach to measuring vascular depression could be viewed as both strength and weakness -yet, it facilitates the analysis of how concomitant vascular burden and probable depression predict the development of frailty. Because we know of no other studies using this strategy, integration of these findings with other work is not possible at this time. Future research may explore how vascular depression and frailty relate to longevity among the older-old. Another limitation of this study is that performance on measures of executive functioning is likely predictive of frailty, but cognition is not represented in these analyses. Unfortunately, the HRS data does not include robust measures of executive functioning, and this analysis was not possible. Future research should further explore relationships between cognitive functioning and frailty.
The CES-D cutoff used in this study was recommended by Steffick (2000) as indicative of probable depression. The eight-item CES-D cutoff score of 3 yielded a higher rate of probable depression (32.8% in the incidence sample and 22% in the prevalence sample) than that found in most other samples. A more conservative cutoff score of 5 can be used, which yields a probable depression rate of 14%. Neither cutoff score, however, is a clinically determined diagnosis of depression. More important is the sensitivity of vascular depression to incident frailty. For instance, Haynie, Berg, Johansson, Gatz, and Zarit (2001) reported a rate of 18.9% using a longer form of the CES-D in a sample of similar age to that in this study, and a survey of community-dwelling Dutch adults over the age of 75 of 31.1% had scores exceeding the clinical cutoff using the CES-D (van't Veer-Tazelaar et al., 2008) .
The findings of this study significantly extend our understanding of the impact of vascular depression as a pathway to frailty. As medical practice with older patients trends toward collaborative care, depression is emerging as a critical clinical indicator of decline in medical functioning. While vascular depression is conceptualized as having a neurological basis, some have described empirically supported interventions for this syndrome (Alexopoulos et al., 2011; Mackin & Arean, 2005) , suggesting that vascular depression may be a modifiable risk factor for frailty, even in late life. Other interventions suggested by these findings include addressing CVB much earlier, thereby reducing the deleterious effects of hypertension, diabetes, and cardiac disease.
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